A novel homology model of TRPC3 reveals allosteric coupling between gate and selectivity filter.
Utilizing a novel molecular model of TRPC3, based on the voltage-gated sodium channel from Arcobacter butzleri (Na(V)AB) as template, we performed structure-guided mutagenesis experiments to identify amino acid residues involved in divalent permeation and gating. Substituted cysteine accessibility screening within the predicted selectivity filter uncovered amino acids 629-631 as the narrowest part of the permeation pathway with an estimated pore diameter of < 5.8Å. E630 was found to govern not only divalent permeability but also sensitivity of the channel to block by ruthenium red. Mutations in a hydrophobic cluster at the cytosolic termini of transmembrane segment 6, corresponding to the S6 bundle crossing structure in Na(V)AB, distorted channel gating. Removal of a large hydrophobic residue (I667A or I667E) generated channels with approximately 60% constitutive activity, suggesting I667 as part of the dynamic structure occluding the permeation path. Destabilization of the gate was associated with reduced Ca2+ permeability, altered cysteine cross-linking in the selectivity filter and promoted channel block by ruthenium red. Collectively, we present a structural model of the TRPC3 permeation pathway and localize the channel's selectivity filter and the occluding gate. Moreover, we provide evidence for allosteric coupling between the gate and the selectivity filter in TRPC3.